The Ricci dark energy is a model inspired by the holographic dark energy models with the dark energy density being proportional to Ricci scalar curvature. Here this model is studied in the bumblebee gravity theory. It is a gravitational theory that exhibit spontaneous Lorentz symmetry breaking. Then the modified Friedmann equation is solved for two cases. In the first case the coupling constant ξ is equal to zero. And in the second case a solution in the vacuum, where the bumblebee field becomes a constant that minimizes the potential, is considered. The coupling constant controls the interaction gravity-bumblebee.
I. INTRODUCTION
General relativity describes gravitation at a classical level. Although it is a theory of gravity successful tested, it does not explain some observational data. Observational results lead to evidences for a phase of accelerated expansion of the current universe [1] [2] [3] [4] [5] [6] [7] . This acceleration may be explained by a new component called dark energy that corresponds to approximately 70% of the energy content of the universe and its nature is still not clear at the present moment. The cosmological constant Λ is the simplest candidate to describe dark energy. It is a fundamental ingredient of the Λ-CDM model [8] , the most consistent model with the experimental observations. However, this model suffers with two major issues, the fine-tuning problem (the observed value of the cosmological constant is of the order of 10 −120 smaller than the estimated vacuum energy in quantum field theory) and coincidence problem (in the current period of the universe history the values of the densities of dark energy and dark matter are of the same order of magnitude) [9] .
An interesting approach to explain the late acceleration of the universe is the Ricci Dark Energy model (RDE) [10] . It is inspired on the holographic principle [11] and it considers that the dark energy density is proportional to the Ricci scalar curvature. The great advantage of this model is that it avoids both problems, the fine-tuning and coincidence problem, since dark energy density is not associated Planck scale but with cosmological scale. The holographic dark energy has been studied in various contexts. For example, the DGP braneworld with time varying holographic parameter has been investigated in [12] , the plane symmetric modified holographic Ricci dark energy model in Saez-Ballester theory of gravitation has been analyzed in [13] , the holographic dark energy in 5D Brans-Dicke theory has been considered in [14] , the Ricci dark energy model with bulk viscosity has been studied in [15] , the Ricci dark energy in Chern-Simons modified gravity has been presented in [16] , among others.
Another problem evolving the general relativity is the lack of a quantum gravity theory. However, there are some attempts to construct a fundamental theory that unifies general relativity theory and the standard model of particle physics. This theory is expected to emerge at the Planck scale, ∼ 10 19 GeV, where small Lorentz violation effects may appear [17, 18] . Lorentz symmetry breaking arises as a possibility in string theory [17] , noncommutative field theories [19] and loop quantum gravity theory [20] . To study Lorentz violation consequences an extension of the standard model has been developed. The Standard Model Extension (SME) [21, 22] is an effective field theory that contains the standard model, general relativity and all possible operators that break Lorentz symmetry. Here the bumblebee gravity is considered [17] . The bumblebee model is an effective theory of gravity in which spontaneous Lorentz violation is induced by a potential V (B µ ), where a vector field B µ acquires a nonzero vacuum expectation value. Several applications with the bumblebee model have been done, such as, traversable wormhole solution in the framework of the bumblebee gravity theory [23] , exact Schwarzschild-like solution [24] , cosmological implications of Bumblebee vector models [25] , Gödel solution [26] , among others. In addition, studies that investigate how the quantum effects affect the bumblebee theory have been discussed. For example, the quantization and stability due to quantum effects of a vector model presenting spontaneous breaking of Lorentz symmetry have been analyzed [27] and the radiative corrections of the bumblebee electrodynamics in flat space-time have been studied [28] . The main objective of this paper is to use the bumblebee gravity to determine the scale factor of the universe, considering the dark energy density defined by the Ricci dark energy model. Then the cosmic accelerated expansion will be discussed in this 
II. BUMBLEBEE MODEL
Here a brief introduction to the Bumblebee field is considered. The bumblebee model is a field theory that extends the standard formalism of general relativity by allowing Lorentz symmetry breaking. A vector field B µ acquires a non-vanishing vacuum expectation value b µ that leads to a spontaneous Lorentz symmetry breaking. The bumblebee model is among the field theories with spontaneous Lorentz and diffeomorphism violations. The spontaneous Lorentz symmetry breaking accompanied by diffeomorphism violation have been studied and it is well-know in the literature [29] . The action that describes this model is
where g = det(g µν ) is the determinant of the metric tensor, κ = 8πG, R is the Ricci scalar, R µν is the Ricci tensor, ξ is the coupling constant which controls the non-minimal gravity-bumblebee
is a potential exhibiting a non-vanishing vacuum expectation value and L M is the Lagrangian density for the matter fields.
The vacuum expectation value of the bumblebee field occurs when
is satisfied. This implies that the field B µ acquires non-vanishing vacuum expectation value, i.e., 
where G µν is the Einstein tensor, V denotes the derivative of the potential V with respect to its argument and T µν is the energy-momentum tensor of matter. The equation of motion for the bumblebee field is given as
It is checked that when the both bumblebee field B µ and potential V (B µ ) are vanished, the original general relativity field equations are recovered.
In the next section the RDE model will be considered in the bumblebee gravity framework.
III. STUDYING THE RICCI DARK ENERGY IN BUMBLEBEE GRAVITY
We consider the Ricci dark energy in the context of bumblebee model for homogeneous and isotropic universe described by the Friedmann-Robertson-Walker (FRW) metric for flat geometries,
given by
The Ricci dark energy density is proportional to the scalar of curvature [10] , i.e.,
where α is a constant to be determined. The correspondent energy-momentum tensor is
where p X is the pressure of dark energy, given by
where ϛ = 
where R = −6(Ḣ +2H 2 ) has been used. Here H =ȧ a is the Hubble parameter. In order to calculate the field equations and maintain the validity of the cosmological principle, the bumblebee field is chosen as
which leads eq. (4) to
which provides the relationship between the potential dynamics and the scale factor.
The modified Friedmann equations for RDE are
Using the Bianchi identities, the modified equation for conservation of energy is obtained aṡ
Due to the complexity of the above equations, an analytical solution for a(t) and B(t) can not be obtained. So we will restrict ourselves to two cases of solution. The first case where the coupling constant ξ is equal to zero. And the second case we will look for a solution in the vacuum, where the bumblebee field becomes a constant that minimizes the potential.
A. Zero coupling constant
In this case ξ = 0, then eq. (11) becomes
This result indicates that the bumblebee field only contributes through a constant potential
Thus, the bumblebee field rest at one of the extremes of its potential, and keeping it from evolving with time. Then the modified Friedmann equation (12) becomes
Using the energy density, eq. (9), and V = V 0 we get
where c = 1 3 κV 0 . Solving this equation, the scale factor is given as
where γ = 
is calculated and it is given as
To analyze the behavior of the scale factor a(t) and of the deceleration parameter q, the α parameter and the potential V 0 should have a defined value.
Let us consider the following case for α parameter and the constant potential V 0 .
1. α > 0 and V 0 < 0
This case leads to a cyclic model of the universe that is composed of accelerated and decelerated phases, as shown in FIG.1 . This figure displays just the real part of the functions a(t) and q for a given value of the parameters α and V 0 . A cyclic universe has been studied in [31] [32] [33] . An important note, in [10] , from observational data, has been determined that α = 0.46. By comparing this observational data with our result, it indicates that the universe is cyclic, i.e., it alternates between accelerated and decelerated phase during its cosmic history. However, observational data confirm that the universe is expanding in an accelerated phase. Therefore, this current acceleration of the universe may be interpreted as a phase in a cyclic universe.
B. Non-zero coupling constant
Here the vacuum solution induced by the Lorentz symmetry breaking is considered. It is possible when the bumblebee field B µ remains frozen in its vacuum expectation value b µ , then
consequently, V = V = 0. Thus the particular form of the potential driving its dynamics is irrelevant [23, 24, 35] .
In order to obtain the vacuum solution to the bumblebee gravity let us consider a time-like background b µ assuming the form
In this background field, all components of the corresponding field strength vanishes, i.e.,
Then the modified Friedmann equation becomes
Using that H =ȧ a and eq. (9), this equation becomes
where A is a constant defined as
The solution of eq. (25) give us the scale factor as
where c 1 and c 2 are integration constants. Then the deceleration parameter is given as
It is important to note that, if the constant A is a positive number, the deceleration parameter is negative and then the universe exhibit an acceleration expansion. In addition, if the coupling constant is zero the accelerated expansion occurs just in the condition α > 1.
IV. CONCLUSIONS
The bumblebee model is a gravitational theory that exhibit spontaneous Lorentz violation due to a vector field B µ that acquires a nonzero vacuum expectation value. In this Lorentz-violating theory the Ricci dark energy density is considered. Then using the FRW metric the scale factor and the deceleration parameter is calculated for two different cases, zero and non-zero coupling constant. When the coupling constant is zero the bumblebee field rest at one of the extremes of its potential, and keeping it from evolving with time. In this case the scale factor and the deceleration parameter depend of a constant potential V 0 and of α, a parameter that comes from the Ricci dark energy model. In addition, the choice of α and V 0 can determine a cyclic universe, with acceleration and deceleration phases, or a universe only with acceleration. In the case with non-zero coupling constant the vacuum solution is considered. This solution emerges when the bumblebee field B µ remains frozen in its vacuum expectation value b µ . This case displays a scale factor that leads to an accelerated expansion. Therefore, our results shown that the state of accelerated expansion of the universe may be understood by a Lorentz-violating gravitational model combined with Ricci dark energy density.
